INTRODUCTION {#sec1-1}
============

The oral route is the preferred route of drug administration to patients.\[[@ref1]\] However, oral administration of drugs often leads to degradation, due to the highly acidic environment of the stomach and enzymes of the mucosa or liver, before they enter the systemic circulation.\[[@ref2]\] Nanotechnology is a promising approach to oral delivery. Nanoparticles have a potential to improve the delivery of poorly water-soluble drugs, transport drugs to the specific site in the gastrointestinal (GI) tract, enhance transmucosal transport of large macromolecules, protect the encapsulated drug from the harsh environment of the GI, and control release of the encapsulated drug.

Carvedilol \[[Figure 1](#F1){ref-type="fig"}\] is a nonselective beta/alpha-1 blocker indicated in the treatment of mild-to-severe congestive heart failure (CHF), coronary artery disease (CAD), and in the postmyocardial settings. It also has other activities such as an antioxidant property, inhibition of smooth muscle proliferation, and calcium antagonistic blocking activity.

![Carvedilol chemical structure](ABR-5-48-g001){#F1}

Carvedilol is completely absorbed from the GI tract, but its systemic availability is limited (approximately 25 -- 35%) because of its high first-pass metabolism.\[[@ref3]\] It also has a short biological half-life. As a result, multiple-dose administration is required for the maintenance of its therapeutic effect throughout the day. Hence, a sustained oral drug delivery will be promising for long-term treatment. Many researchers have attempted to improve the bioavailability of carvedilol by developing new formulations, including buccoadhesive carvedilol tablets,\[[@ref3][@ref4]\] a polymer-coated solid lipid nanoparticle of the drug,\[[@ref5]\] and solid dispersion.\[[@ref6]\] Among the different nanoparticulate systems, vesicular carriers such as liposomes or niosomes are considered as promising drug delivery systems, because these particles can act as drug-containing reservoirs and control drug release by modification of their compositions. Liposomes are phospholipid vesicles with biocompatible, non-toxic, non-immunogenic, non-carcinogenic, non-thrombogenic, and biodegradable properties. In addition, they are recognized as efficient drug carriers to the GI system.\[[@ref7][@ref8][@ref9]\] Non-ionic surfactant-based vesicles (niosomes) are similar to liposomes and are able to encapsulate both hydrophilic and lipophilic drugs and serve as drug carriers. The low cost, greater stability, and resultant ease of storage of non-ionic surfactants has led to the development of these carriers as alternatives to liposomes.\[[@ref10]\] The niosomal systems are supposed to enhance the bioavailability of poorly water-soluble drugs by enhancing their uptake by the M cells of Peyer\'s patches at the intestinal lymphatic tissues.\[[@ref11]\] This pathway overcomes the first pass metabolism, and therefore, increases the bioavailability. On the basis of this hypothesis, the encapsulation of carvedilol in niosomes can increase its blood circulation time and enhance the bioavailability. The objective of this study is the *in vitro* development of carvedilol-loaded nonionic surfactant vesicles. The effect of various parameters on the different physicochemical characteristics of the prepared formulations, including, their vesicle size, encapsulation efficiency, release of the encapsulated drug, and their stability, were evaluated.

MATERIALS AND METHODS {#sec1-2}
=====================

Materials {#sec2-1}
---------

Carvedilol was obtained from the Darupakhsh Company (Iran). The nonionic surfactants used as vesicle-forming materials were sorbitan monolaurate (Span 20), sorbitan monopalmitate (Span 40), sorbitan monostearate (Span 60), polyoxyethylene-20-sorbitan monolaurate (Tween 20), polyoxyethylene-20-sorbitan monopalmitate (Tween 40), polyoxyethylene-20-sorbitan monostearate (Tween 60), and cholesterol, which were purchased from Fluka (Switzerland). All the organic solvents and other chemicals were of analytical grade, and were obtained from the Merck Chemical Company (Germany).

Preparation of drug-loaded niosomes {#sec2-2}
-----------------------------------

Niosomes containing carvedilol were prepared by using the film hydration method,\[[@ref12]\] with various mixtures of nonionic surfactant/cholesterol. The compositions of the prepared vesicles are shown in [Table 1](#T1){ref-type="table"}.

###### 

Composition of the different prepared nanoniosomes of carvedilol

![](ABR-5-48-g002)

Briefly, 400 µmol of surfactants/cholesterol and 8 mg of carvedilol were dissolved in chloroform, in a round-bottomed flask. The organic solvent was evaporated under vacuum at 55°C. The resultant thin lipid film produced on the inner wall of the flask was then hydrated with 10 mL of phosphate buffer at 55°C, for 30 minutes. The niosomal suspension was then submitted to a sonication procedure of four cycles of two seconds, followed by a pause of two seconds, by using a probe sonicator (Bandeline, Berlin, Germany), with the instrument set at 40% of its maximum power, to reduce the mean size of the vesicles. The final formulations were stored in a refrigerator (4--8°C) for further studies. To evaluate the formation of the niosomes, the niosomal suspensions were observed before sonication by an optical microscope (HFX-DX, Nikon, Japan) and photomicrographs were taken by a camera attached to the microscope in ×450 magnifications.

Vesicle size, polydispersity index, and zeta potential measurements {#sec2-3}
-------------------------------------------------------------------

The mean particle size, polydispersity index, and zeta potential of the nanoparticles was estimated by photon correlation spectroscopy (PCS, Zetasizer 3000, Malvern, UK) at a fixed angle of 90°. Samples were diluted with dust-free water, to give the recommended scattering intensity of 200000 counts/second.

Encapsulation efficiency determination of carvedilol nano-niosomes {#sec2-4}
------------------------------------------------------------------

Non-entrapped carvedilol was separated by the centrifugation method (Microcentrifuge Sigma 30k, UK), at 14000 rpm, for 40 minutes, at 25°C. The amount of carvedilol in the nano-niosomes was analyzed by an ultraviolet (UV)/visible spectrophotometer (RF-5301 PC, Shimadzu, Kyoto, Japan) after disrupting it by ethanol, 96%, at 285 nm.

The percent of carvedilol encapsulation efficiency (EE%) was determined from equation 1.

EE% = (C~p~/C~T~) × 100      (Eq. 1)

Where C~p~ is the carvedilol concentration in the nano-niosomes and C~T~ is the initial drug concentration added to the formulation. Empty nanoniosomes were used as blanks.

Carvedilol release from various formulations {#sec2-5}
--------------------------------------------

Carvedilol release from the various formulations was evaluated using the dialysis method. One milliliter of nanoparticle dispersion was placed into a dialysis bag (cutoff 12 kDa) and suspended into a beaker containing 70 mL of a phosphate buffer solution (pH 7.4) on a magnetic stirrer, with a speed of 100 rpm at 37°C ± 0.5°C. At pre-determined time intervals, 1 mL samples were withdrawn from the incubation medium and analyzed for the drug content by a UV spectrophotometer (UV-mini-1240 CE-Shimadzu, Japan) at λ~max~ = 255 nm. The drug release tests were performed in triplicate.

Stability studies {#sec2-6}
-----------------

Aggregation or fusion of the vesicles was determined by the changes in the vesicle diameter using the laser light scattering method. The formulations were stored at 4°C for two months and assessed for changes in particle size one and two months after preparation. Encapsulation efficiency was also determined two months after preparation of the formulations, as described previously.

RESULTS AND DISCUSSION {#sec1-3}
======================

Physicochemical characteristics of carvedilol-loaded nano-niosomes {#sec2-7}
------------------------------------------------------------------

Nanoniosomes were prepared by the thin film hydration method using a mixture of amphiphilic surfactants with different lipophilic side chain lengths and cholesterol, at different molar ratios.

The presence of vesicles in niosomal dispersion was confirmed by viewing the unsonicated system using an optical microscope \[[Figure 2](#F2){ref-type="fig"}\]. The vesicles were spherical and majority of them were multi-lamellar. Very few large unilamellar vesicles were also seen. In this situation the particles were not in the nanometric size, and therefore, were observable through the optical microscope, but after sonication the multilayered niosomes were shed to nanoniosomes with particle sizes ranging between 167 ± 2.5 and 763 ± 7.8 nm \[[Table 2](#T2){ref-type="table"}\]. The niosomes were composed of cholesterol, and Span/Tween 20 also showed many cholesterol crystals.

![Photomicrographs (450× magnification) of unsonicated carvedilol-containing niosomes prepared by the film hydration method. The niosomes were composed of (a) Span, Tween 40 / CHOL(7:3), (b) Span, Tween 60 / CHOL(5:5), (c) Span, Tween 60 / CHOL(7:3), and (d) Span, Tween 20 / CHOL(6:4)](ABR-5-48-g003){#F2}

###### 

Particle size, polydispersity index, and zeta potential of carvedilol niosomal formulations (mean±SD, *n*=3)
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Carvedilol seems to have an impact on the lipid membrane structure and stability, especially in short lauryl (C~12~) chains of Span/Tween 20, which is in a liquid form at room temperature. Carvedilol is a lipophilic molecule and it is located in bilayers of the hydrophobic core. This result can be explained by the presence of a possible competition between carvedilol and cholesterol, incorporated into the nano-niosomes. This has also been previously observed in a niosomal model enriched with cholesterol and carotenoids.\[[@ref13]\] The mean volume diameters (*d*v), poly dispersity index, and zeta potential of the prepared carvedilol vesicles and blank vesicles are presented in Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}. The mean diameter size of the different carvedilol formulations ranged between 167 ± 2.5 and 763 ± 7.8 nm.

###### 

Particle size, polydispersity index, and zeta potential of blank niosomal formulations (mean±SD, *n*=3)

![](ABR-5-48-g005)

Decreasing the amount of cholesterol content from five to three percent molar ratio, reduced the mean volume diameter of the particles significantly (*P* \< 0.05). This result was in agreement with the previous data, showing that an increment in the amount of cholesterol caused the size of the vesicles to increase.\[[@ref14][@ref15]\] As shown in [Table 2](#T2){ref-type="table"}, the maximum particle size was observed for the C~50~S20~25~T20~25~ formulation, due to the production of cholesterol crystals. The incorporation of the drug had a significant effect on the particle size of the vesicles (*P* \< 0.05). It was revealed that the incorporation of carvedilol in all formulations led to an increment in particle size compared to blank niosomes, as previously reported by Vangala *et al*.\[[@ref16]\] The size distribution could be observed from the poly dispersity index (PDI). The PDI ranged from zero to one. Values close to zero indicated a homogenous dispersion. The PDI results are shown in [Table 2](#T2){ref-type="table"}, which indicate that all the formulations are multi-dispersed nanoniosomes. By incorporation of carvedilol in bilayers, the zeta potential decreased compared to the blank formulation. This could be because of the NH group in the drug structure and its basic properties \[[Figure 1](#F1){ref-type="fig"}\].

Encapsulation efficiency {#sec2-8}
------------------------

Carvedilol encapsulation efficiencies (EE) of all the studied formulations are shown in [Table 2](#T2){ref-type="table"}. The percentage of drug entrapped in all formulations changed between 22 and 77%. Carvedilol encapsulation efficiency depended on the hydrophilic--lipophilic balance (HLB) of the different surfactants. The least encapsulation efficiency was observed for C~40~S20~30~T20~30~ and C~30~S20~35~T20~35~ and C~50~S20~25~T20~25~ as the higher HLB of the mixture of Tween/Span 20 with respect to Tween/Span 40 and Tween/Span 60 reduced its potential in solubilizing the lipophilic molecule of carvedilol. Palozza *et al*.\[[@ref13]\] reported the lowest encapsulation efficiency of carotene in niosomes of Tween 20. The encapsulation efficiency improved when the cholesterol content was increased to 50% molar ratio due to reduction of drug permeability. A similar result was reported by Mokhtar *et al*.,\[[@ref17]\] who studied the effect of some formulation parameters such as the cholesterol content of niosomes on flurbiprofen encapsulation and release rates of niosomes prepared from proniosomes. The vesicle size is another parameter that affects the encapsulation efficiency. Changes in vesicles size have had no significant effect (*P* \> 0.05) on carvedilol encapsulation efficiency in the studied formulations \[[Table 2](#T2){ref-type="table"}\].

Carvedilol release {#sec2-9}
------------------

*In vitro* release studies of carvedilol from nano-niosomes were performed using a dialysis bag containing the appropriate volume of carvedilol-loaded niosomal dispersion. The dialysis bag was placed in a flask containing 70 mL of phosphate buffer with 0.5% Tween 80 (pH 7.4). In the present study, the formulations containing Span/Tween 20 were withdrawn from further studies due to their low encapsulation efficiency. As shown in Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}, drug release from niosomes in all formulations were followed by a biphasic process consisting of an initial relatively fast release and a lower release phase. The rapid initial phase may be related to the penetration of free carvedilol and desorption of the drug from the surface of the niosomes and the slower phase could be related primarily to the diffusion of the drug through the bilayers.\[[@ref18]\] All the formulations released almost 100% of the loaded drug with no significant difference in their release data \[Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}\].

![Release profiles of carvedilol from nano-niosomes composed of Span-Tween 40 / cholesterol in a phosphate buffer at 37oC (mean ± SD, *n* = 3)](ABR-5-48-g006){#F3}

![Release profiles of carvedilol from nano-niosomes composed of Span-Tween 60 / cholesterol in phosphate buffer at 37oC (mean ± SD, *n* = 3)](ABR-5-48-g007){#F4}

As shown in [Table 4](#T4){ref-type="table"}, the release profile of most of the formulations were fitted by the Baker and Lonsdale equation, which indicated that carvedilol release from the vesicles might be attributed to the diffusion mechanism.

###### 

Regression coefficient (r^2^) of carvedilol release data from studied nano-niosomes according to the different kinetic models
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Stability studies {#sec2-10}
-----------------

A stable niosome dispersion must exhibit a constant particle size and a constant level of entrapped drug, with no precipitation of the membrane components, which are to a large extent insoluble in an aqueous media.\[[@ref19]\] In the present study, changes in particle size of the Span/Tween 40 and Span/Tween 60 formulations during storage at 4°C, one and two months after preparation, were investigated \[Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}\]. During storage, drug leakage was observed in all formulations during the two months \[[Table 6](#T6){ref-type="table"}\]. Size distribution experiments often revealed an increase in the mean diameter of the vesicles due to their fusion or aggregation.\[[@ref15]\] Increment of particle size and poly dispersity index in nano-niosomes was observed during storage for two months. Uchegbu *et al*.\[[@ref19]\] reported the effect of the original size of liposomes on the stability of the system. Smaller niosomes, according to thermodynamic theory have more surface energy and tend to aggregate to lower surface energy.\[[@ref15]\] Therefore, the smaller particles have a more inherent instability than the larger ones. In addition incorporation of cholesterol into bilayers of niosomes could enhance stability and decrease their leakiness.\[[@ref19]\] The mean particle size was found to increase on storage, especially after two months \[[Table 6](#T6){ref-type="table"}\]. The increase in particle size was greater for C~30~S60~35~T60~35~, due to their smaller original size and lower content of cholesterol. The greatest stability in the vesicle size was observed in C~50~S60~25~T60~25~ and C~40~S60~30~T60~30~ formulations due to the higher transition temperature of Span 60, Tween 60, and good molecular packaging of the surfactant and cholesterol in bilayers using a higher ratio of cholesterol. This result was in agreement with the previous data reported by Moazeni *et al*.\[[@ref15]\]

###### 

Evaluation of physical stability carvedilol formulations at 4°C after one month
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###### 

Evaluation of the physical stability of carvedilol formulations at 4°C after two months

![](ABR-5-48-g010)

CONCLUSIONS {#sec1-4}
===========

Carvedilol was entrapped in nano niosomal formulations successfully, except in niosomes composed of cholesterol and a mixture of Span/Tween 20, due to the liquid nature of these surfactants, which caused more permeability of the bilayer. Cholesterol content and drug incorporation were the most effective variables on the particle size of nano-niosomes. Nano-niosomes composed of C~50~S60~25~T60~25~ and C~40~S60~30~T60~30~ showed the highest stability during storage, for a two-month period. From the results obtained, it can be concluded that nano-niosomes could be considered as stable carriers for the oral delivery of carvedilol, however, further pharmacokinetic studies are necessary to demonstrate their potential in increasing the drug bioavailability compared to the free drug.
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